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ABSTRACT 
An efficient protocol for rapid regeneration of shoots from leaf callus cultures of Drymaria cordata was 
developed. Creamish white profuse callus proliferation was obtained on MS supplemented with NAA 
(2.69µM) + BAP (4.44µM) after three weeks of culture. The callus became green, compact and nodular 
on transfer to TDZ (0.91µM) supplemented medium. Shoot buds were initiated from the callus after 8 
weeks of culture on the solid medium. The frequency of initiation of shoot buds could be enhanced if the 
green nodulated callus was transferred to filter paper placed on liquid MS medium supplemented with 
TDZ (2.27 – 4.54µM). The shoots have developed roots on IBA (0.49µM) supplemented MS solid 
medium. Thus obtained plantlets were successfully hardened and transferred to soil. Nearly 90% survival 
rate was recorded.   
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INTRODUCTION 
Drymaria cordata (L.) Willd. Ex. Roem and Schult, a member of Caryophyllaceae, has been traditionally 
used as one of the ingredient in many indigenous poly herbal formulations. The plant is being used in the 
treatment of a various ailments (Rao, 1981; Focho et al., 2009 and Borah et al., 2006). Its antitussive 
activity (Mukherjee et al., 1997a), antibacterial efficacy (Mukherjee et al., 1997b) and anti-inflammatory 
effects (Mukherjee et al., 1998) make it a potential medicinal herb. A number of biologically active 
compounds have been isolated from the leaves of this taxon including drymaritin which exhibits anti HIV 
properties (Ding et. al., 1999; Ding et al., 2000 and Hsieh et al., 2004). 
The plant is vegetatively propagated mainly by cuttings since it is a runner by its habit. Hence, the 
occurrence of genetic variability in the progenies is negligible. Further seed germination potential and 
percent viability are also very low (Ghimire et al., 2010). Significance of somaclonal variations in the 
genetic improvement of the economically important plants is now well established (Larkin and Scowcroft, 
1982). Micropropagation technique offers an alternative method for cloning plants (Unander, 1991 and 
Santos et al., 1994). Somaclonal variant selection in in vitro culture is often achieved through indirect 
regenerations through callus cultures (Sen and Sharma, 1991). Since Drymaria cordata is a potential herb 
having anti-HIV properties, a clone with high content of the active principle has tremendous prospects in 
the future. An efficient regeneration protocol from the callus cultures is a prerequisite to employ any 
biotechnological approaches for genetic improvement of the taxa. Perusal of literature revealed that direct 
regeneration from leaf (Ghimire et al., 2010) and nodal explants (Tejavathi and Indira, 2011) has been 
achieved in this taxon. Hence the present study is an attempt to develop an effective and reproducible 
protocol for mass multiplication through leaf callus cultures and successful establishment of plantlets in 
natural conditions.  
  
MATERIALS AND METHODS 
Explant Source 
Young, fully expanded leaves (0.77-0.96 cm
2
) from in vitro shoots raised on MS basal media were used 
as explant source. The leaves were wounded by few cuts and cultured abaxial side on the medium.  
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Culture Media and Conditions  
Explants were inoculated onto Murashige and Skoog’s medium (Murashige and Skoog, 1962) 
supplemented with various auxins and cytokinins at different concentrations and combinations. Sucrose 
(3%) and Bacteriological Agar (0.8%) were used as carbon source and gelling agent respectively. The pH 
of the medium was adjusted to 5.8 prior to the addition of agar and autoclaved for 15 min at 108 kpa. The 
cultures were incubated at 25 ± 2ºC under 16:8h light and dark photoperiod. The cultures were 
illuminated by white fluorescent tubes at light intensity of 25µmol m
-2
s
-1
. The cultures were periodically 
evaluated for the record of data.  
Filter Paper Culture Method 
Whatman (No.1) filter paper segments measuring about 20cm
2
 were placed on MS liquid medium 
supplemented with TDZ at various concentrations. The culture bottles were then autoclaved for 15 min at 
108 kpa. All other conditions remained same as explained under culture media and conditions. 
Rooting and Acclimatization of Plantlets 
The shoots from the various cultures were transferred to MS solid medium supplemented with IBA at 
different concentrations. The rooted plantlets were washed in sterile distilled water carefully and 
transferred to plastic cups containing sterilized mixture of cocopeat, soilrite and perlite in the ratio of 
1:1:1 for hardening. The plantlets were nourished with half strength MS liquid medium. The hardened 
plants were transferred to pots containing garden soil and maintained in the green house. 
Histological Studies 
The organogenic callus segments were fixed in FAA (Formalin:Acetic acid:Ethyl Alcohol). Paraffin 
embedded plant materials were sectioned on a microtome at 20-23µm thickness and stained with 
Haidenhain’s haematoxylin and counter stained with eosin. Photomicrographs were taken with Canon 
camera using a Nikon binocular microscope. 
 
RESULTS AND DISCUSSION 
Callus induction was observed within 15 to 20 days of incubation of leaf explants on MS medium 
containing different concentrations and combinations of 2,4-D/ NAA and BAP. The callus thus obtained 
was soft and creamish white in colour (Fig.1a). BAP (4.44µM) in combination with 2, 4-D (4.52µM) / 
NAA (2.69µM) promoted callus from the explants. Auxin and cytokinin combinations act synergistically 
to promote cell division and expansion depending upon other factors in the cell system (Setterfield, 1963). 
Though profuse callus was obtained on 2, 4-D and BAP combinations in the initial phase of the culture, it 
gradually turned brown and necrotic as reported by Banerjee et al., (2011) in Arachis hypogea. However 
callus remained healthy on BAP (4.44µM) in combination with NAA (2.69µM) supplemented medium. 
Similar combinations were found to be suitable for induction of callus from the culture of Acmella calva 
(Senthilkumar et al., 2007) and Indigofera enneaphylla (Sindhu et al., 2011). No organogenesis was 
recorded on this combination even after maintaining the callus for six months. Whereas Ghimire et al., 
(2010) reported adventitious shoot bud regeneration from the leaf segments of Drymaria cordata on MS 
supplemented with NAA in combination with BAP or TDZ.  
In the present studies, However BAP in combination with NAA promoted only callus formation. When 
this creamish callus was transferred to TDZ supplemented medium, compact green and nodular callus 
proliferated from the source callus. TDZ at the combination of 0.91µM was sufficient to induce rapid 
proliferation of green nodular callus after four weeks of culture. Shoot buds (30.18 ± 1.05) have taken 3-4 
months to emerge from this green nodular callus on this medium (Table 1, Figure 1b).  
The frequency of initiation of shoot buds could be enhanced if this compact nodulated callus was 
transferred to filter paper placed on the liquid MS medium supplemented with TDZ at higher 
concentrations (2.27-4.54µM). Filter paper method proved to be faster method to induce regeneration of 
shoot buds within 25 days of culture (Table 1, Figure 1c). Other cytokinins like Kin or 2-ip either alone or 
in combinations failed to induce shoot buds from the callus on either solid or liquid medium. Adventitious 
shoot regeneration from the leaves on TDZ supplemented medium has been reported in Prunus avium 
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(Bhagwat and David, 2004) and Prunus serotina (Xiaomei et al., 2008). TDZ is the most potent of the 
diphenyl ureas that have been evaluated for use in plant tissue culture (Mok et al., 1987). Lower 
concentrations can induce greater axillary proliferation than many other purine based cytokinins. 
However higher concentrations of TDZ can stimulate callus induction as reported in many woody species 
(Huetteman and Preece, 1993). Dual effect of TDZ involving proliferation of shoots from the apical 
meristem and differentiation of shoots from the callus has been reported in Nothapodytes foetida 
(Tejavathi et al., 2012) and Pigeon Pea (Singh et al., 2003). Further studies are needed to understand the 
role of TDZ on the organogenesis.  
 
Table 1: Effect of TDZ on shoot proliferation from leaf derieved callus  
Medium 
MS + TDZ 
(µM) 
% Response No of shoots/ culture (mean± SD) 
 
Solid medium 
0.45 63.33 23.36 ± 0.78 
0.91 76.67 30.18 ± 1.05 
1.82 73.33 17.56 ± 0.97 
4.54 43.33 7.77 ± 0.29 
 
Liquid 
medium 
2.27 50.00 18.26 ± 0.82 
4.54 83.33 30.06 ± 0.50 
6.81 63.33 17.35 ± 0.46 
 
 
Figure 1: A- Creamish callus on 4.44 µM BAP + 2.69 µM NAA. B- Regeneration on 0.91 µM TDZ. 
C- Regeneration on filter paper 4.54 µM TDZ. D- Rooting on 0.49µM IBA. E- Section of the 
organogenic callus showing indirect organogenesis. F-Hardened plant 
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4 – 6 weeks old shoots were excised from the cultures and transferred to MS supplemented with IBA or 
IAA at various concentrations. IBA at 0.49µM was proved to be efficient in producing healthy and long 
roots from the nodal regions of the shoots (Figure 1d). Similar observations were made by Tejavathi and 
Indira (2011) in the same taxon when the proliferated shoots from the nodal cultures were transferred to 
rooting medium. The efficiency of IBA in inducing roots from the in vitro cultured shoots has been 
reported in several plants (Yeh-Jin et al., 2007; Arockiasamy et al., 2002; Muthu and Narayanaswamy 
Pillai, 2003; Sharma et al., 2010 and Logesh et al., 2011).  
The well rooted plantlets were washed thoroughly in sterile distilled water and transferred to plastic cups 
containing sterilized cocopeat, soilrite and perlite (1:1:1 ratio) (Figure 1f). The plantlets were fed with 
liquid ½ MS medium for three weeks followed by distilled water. Six weeks old plantlets were transferred 
to pots containing garden soil and maintained in the green house. Nearly 90% of survival was recorded. 
In the present study, a protocol of high frequency indirect shoot regeneration is achieved through leaf 
callus cultures. The technique can be effectively used for rapid propagation as well as for conservation of 
the taxon. Callus raised plantlets can be further exploited for somaclonal variations. 
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